
00

* DAVID W. TAYLOR NAVAL SHIP
RESEARCH AND DEVELOPMENT CENTER

U• Bethesda, Maryland 20084

QUANTIFICATION OF EFFECTIVENESS

Paul iubai MAR 1 1982 4

APPROVED FOR PUB3LIC RELEASE: DISTRIBUTION UNLIMITED

COMPUTATION, MATHEMATICS AND LOGISTICS DEPARTMENT

DEPARTMENTAL REPORT

January 1982 DTNSRDC - CMLD-82-01

} /

NOWO NSRDC 5602130 1280)
(ISupLrsdes 39601461



MPJOR 0TNSRDC ORGANIZATIONAL COMPONENTS

DTNSRDC

COMMANDER 00

TECHNICAL DIRECTOR01

SHFIP ERFORMANCRE SURFACELI EFFCT

DEPARTMENT 2

11£NV.TSD 
36/3(e.2W

. IAIN N



JNC LA~Si S .1 1 -)I
1SLCUr~1'Y CI, ASSIFICATION OF THIS PASiE ("ion Dole Entered)

REPOR DOCMENTTIONPAGEREAD INSTRUCTICA.SREPOT DCUM~TA~ON PGEBEFORE COMY IETWO, FORM
1.REPORT NUMBeFR 2, GOVT ACCESSION N' C'~iPIENT'S CATALOG 4UMITF7R

CULD-82-0i.

4 TITLE (and Subtitle) TIP LrOR' & PERIOD COVERED

QUAN1FIATLN O EFECTVENSS .rti I :0 - April 1981
4.~Q REPORT NUMBER

7. ATHDHa) ')I~CA' GRANT NUMSER(a)

PaidA~ lhubai

9. PERFORMING ORGANIZATICIN NAME AND ADDRESS 1J. PROGRAM ELEMENT, PROJECT, TASK
l)i~vid W. TIitlyIor N,,.vli . Sh ip Recsear~ch AREA 6 WORK UNIT NUMBERS

'm M -4plclf 0.1t),62760N 1-1870-501-26

Ii. -U CN HO AG FI C N AME AN ADDREFSS(I 12fr~IIoC' t~~i fI) f. REPORTI D LATE o hf oo

UNGEL ASS I F1 -IC)IN ONRDN

SCHEDUJLE

16j. 01 ST NIDITION 5T ATLMENJ (o (b'I Hopo5t onwr

API1ROVI-I) F'OR PUB1,1C DII;Sl :11STR IBUT1'I ON HNLI I TE'D

Il. IllS) 11I1l1llION %I AT Mi!NT 611 the, kbt~sum. oi . ler,,I In' Jljo k 21), if difiorfil fromi Report)

Pf I0l'I-I. f M~I4I All'i, NoI II 1-

19 I. Y W0I)IIS (Citi, mu,. fOit rs,svogr aide if rnecosmar)' mori Idenuify to), bohI~,I uuto ber)

Q1:11I I 1c;I1 (Im

II1;1'Lw;III'c ChavaIctki'jllli

211 ~ ST ALT ((,n onu, reverse side If tnecesary and Identify by bluck iiumbor)

X\(liii Q1111lull i I('(tiollI of 1 I I' ctVivenusti ( QUIE1) pro~Igraml wOn iniitialte~d to
develo ai !if IIIIIIi I(d Illethold of 1110118t~IIJg SyyIt(iIIIiI C f7f kC. VIVVIWIqlJ mld tol
dtl-ft'111111 (ho' sens1(ŽIit iv ity of syH VOIIN C ofeetiVeIClies too 1O91HILV f IUCtOrs The1111 t1 fill. apjpr'olchl WOn to quaintity Vyt.l~ s l''tVe4 rmtCC~~~lI1t

Ill I q m I o III es qnfilli L h r dwnr fŽcharaI (c V Ir i-t icH Thi aIl 14Ipproachl was d b on Vinup d
l)cCIIIIN thel Il(iirwave( cIhlrJICter(Si -ftI IdenIIVItifi~c WCIrc too d'taIl JCd tI, allow a

(Gout imied on roverse s ideŽ)

DD N 1 473 E llION or I NOV65 IS OMSOLETE U N C 1A,'S I. FEl)
S 'NIIIi.L.0l .661 j SECURT cLASIII&FICATION III THIS PAUE (Whe~n 13.1. gnt



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

(20 continued)

..... general method to be developed. The second approach involved the identifica-

tion of the logistics factors that influence systems effectiveness and the
reallocation of resources awong the most sensitive of the logistics factors.
This report describes the metho4ologies employed in the two approaches,
discusses the problem, and presents the results.,/',

k,2

S~/

II

UNCLASSIFIED

f/ SECURITY CLASSIFICATION OF"THIA PAGE(WI,.n Date Entered)

- - ,-,



TABLE OF CONTENTS

I Page

LIST OF FIGURES .a.. . . . .. .. . . . . . .. . .. . . . . . . . iv

LIST OF TABLES ................... ............................. ... iv

ABSTRACT . . . ............................... 1
A"'MINISTRATIVE INFORMATION ..................... ...................... I

1. INTRODUCTION............................ . 2

2. SYSTEMS EFFECTIVENESS ................ ......................... 3

2.1 AVAILABILITY ...................... .......................... 4

2.2 DEPENDABILITY . . .. .. . .. . . . .. .. . .. .. . .... 5

2.3 CAPABILITY. . .......................... 5

2.4 EFFECTIVENESS DISCIPLINES ................. ................. 6

2.4.1 Reliability .................. ....................... 6

2.4.2 Maintainability .......... .... ..................... 6

2.4.3 Logistics Support* ......... .................. .. 8

3. HARDWARE CHARACTERISTICS APPROACH ................. . . . . 9

3.1 BACKGROUND ................................................ 9
3.2 METHODOLOGY . ......................... 9

3.2.1 Objective ............................................ 9

3.2.2 Approach .................... ......................... 10

3.3 DISCUSSION .................. .......................... ... 10

3.3.1 Literature Search. . . . ................. 10

3.2.2 Hardware Characterioticq. ........ ................. . 10

3.3.3 Weighting Factors ............ ..................... 12

3.3.4 Probabilities ............................. 13

3.3.5 I)emonstration .................. ...................... 13

3.4 RESULTS ............................................. . 4

4. LOGISTICS FACTORS APPROACH ................................... 17

4.1 BACKGROUND ........................ ........................... 17

4.2 METiHODOL OGY .......................................... 17

4.2.1 Objective .............. ........................ ... 17

4.2.2 Approach ............... ....................... ... 18

lii



Page

* * * * * *18

4.3 DISCUSSION ...

4.3.1 Logistics Factors . 24

4.3.2 Systems Effectiveness Analysis 
25.........2

4.4 RECOMMENDATIONS .............. 
.....

REFERENCES ... ............. 
...... ....... . 27

LIST OF FIGURES

S~7

i I - Some Factors Affecting Systems Effectiveness ........S~26

2 - Development of Logistics Support Alternatives ........ .. 2

LIST OF TABLES

I - Systems Effectiveness 'Hardware CharactetistiCs Weigh1in8 Factors • 3• 3

2 - Systems Effectiveness Hardware Characteristics Quantification. 
14

3 - Equipment Characteristics for Four Types of EquiPment .............
15

iv



ABSTRACT

The Quantification of Effectiveness (QUEF) program
was initiated to develop a simplified method of measuring
systems effectivenesH and to determine the sensitivity of
systems effectiveness to logistics factors. The initial
approach was to quantify systems effectiveness from the
equipments' mission essential hardware characteristics.
This approach was discontinued because the hardware
characteristics identified were too detailed to a1 low a
general method to be developed. The second approach
involved the identification of the logistics factors that
influence systems effectiveness and the reallocation
of resources among the most sensitive of the logistics
factors. This report describes the methodologies employed
in the two approaches, discusses the problem, and presents
the results.

ADMINISTRATIVE INFORMATION

The Quantification of Effectiveness (QUEF) project was initiated by the

Naval Air Systems Command (NAVAIR 340C). Funding was provided under AIRTASK

Number A3400000/01OB/IF60532000. The David Taylor Naval Ship Research and

Development Center (DTNSRDC) undertook the project ilL FY-80; the Logistics

Divisioi' (Code 1870) of the Computation, Mathematics and Logistics Department

was the performing organization.
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SECTION 1
INTRODUCTION

The Quantification of Effectivenes (QUEF) program was initiated in FY-80

4with the broad objective of developing a simplified approach to quantifying Sys-

tems effectiveness and performing trade-off analyses of logistics support alterna-

tives. Current methods of quantifying systems effectiveness are very complex

and cumbersome, involving detailed system descriptions and large amounts of

data. The complexity of Lhe approach often makes people reluctant to perform

the analysis. The NAVAIR sponsor felt that, if a simplified method could be

developed which would allow systems effectiveness to be determined without the

complexity of the present approach, equipment developers and managers would be more

likely to perform a systems effectiveness analysia. For this reason the initial

ap~proach considered quantifying systems effectiveness by the mission essential

hardware characteristics of the equipment.

In today's environment of tight budget control, the operating and support

costs associated with weapons systems are coming under closer examination. The

logistics support associated with a weapons system greatly affects the systems

effectiveness and cost effectiveness of equipment. The second approach con-

sidered for the QUEF project was to identify the logistics factors which affect

systems effectiveness and to perform trade-off analyses and sensitivity studies of

the-'e logistics factors for selected equipment. In this way program managers would

he able to determine early in development which logistics factors drive the operating

and support costs, and managers of operational systems would be able to make logical

decisions regarding reallocation of logistics support resources.

This report presents a brief description of systems effectiveness, including

the availability, dependability, and capability functions, and discusses the

effecriveiiessa disciplines (reliability, maintainability, and logistics support)

which contribute to systems effectiveness technology. It describes the methodol-

ogies employed In the two approaches, discusaes the problem, and presents the

results.
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SECTION 2
SYSTnmS EFFF TIVENESS

During the acquisition of a new weapons system, comparison of the effective-

ness of the various configurations per unit cost gives a relative ranking of Lhe

values of the configurations. The cost of the system includes both acquisition and

operation and support costs. The need to calculate both the effectiveness and the

cost of the system begins during the conceptual phase and continues throughout the

life of the system.

Systems and cost effectiveness can be used together as a decision-making tool

for management. The systems and cost effectiveness procedures permit many system

designs and use criteria, such as mission requirements, technical performance

parameters, design factors, and resource allocations, to be integrated and

evaluated against similar criteria for other systems/configurations. The use of
systems and cost effectiveness during a system's life cycle provides management

with information to be used in making important design and operating decisions.

Systems effectiveness is defined as the probability that a system can

successfully meet an operational demand throughout a given period when operated

under specified conditions. An alternative definition is that systems effective-

ness is a measure of the degree to which an item can be expected to meet a set of

specific mission requirements, and may be expressed as a function of availability,

dependability, and capability. For a detailed discussion of systems effectiveness
1* 2

the reader is referred to Hanifan and Chop , which provide excellent

background material.

To evaluate systems effectivenss, a Figure of Merit (FOM) must often be

defined. An FOM is a measure of systems effectiveness related to one or more of

the missions the system will be required to perform. Different types of aircraft

might have the following typical FOM's:

"o Transport Aircraft - expected number of ton miles per unit of time

"o Tactical Aircraft - probability of providing timely troop support over

x miles with y sorties

* A complete listing of references is given on page 27.
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o Interceptor iircraft - probability of destroying n out of m enemy air-

craft of a specific type per engagement.

FOM's must be defined very carefully so as not to bias the results of the analysis.

2.1 AVAILABILITY

Availability is defined as the degree to which an item is operable and

committable at the start of a mission, when the mission is called for at an unknown

(random) time. Another definition is the probability that the system is in an "up"

and ready state at the beginning of the mission wnen the mission occurs at a random

time; i.e., the system is ready to operate within allowable response time with all

mission-required functions capable of operating within design specifications.

Inherent (or ideal) availability is expressed in terms of MTBF (mean time

between failures) and MTTR (mean time to repair):

A - MTBF
MTBF + MTTR

Inherent availability assumes only active components of corrective maintenance;

i.e., no waiting for spares and technicians, no detection or administrative time,' 1,

no downtime due to preventive maintenance or serviLing, immediate availability of

technical manuals, test equipment, and software, etc.

Achieved availability includes preventive maintenance:

A- MTBM
a MTBM + MADT

where MTBM is mean time between maintenance events (both corrective and preventive)

and MADT is mean active downtime, which includes the active (non-waiting) time

element of both preventive and corrective maintenance.

Operational availbility is expressed by MTBM and MDT (mean downtime):
A - MTBM
Ah MTBM + MDT

Mean downtime includes all non-operable time, active and inactive, including

"software" downtime, supply and administrative delay times, and corrective and

preventive maintenance times. A oh assumes the availability of an operator if one

is required.

Factors influencing availability include manning, operations, maintenance,

and logistics support.

4I
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2.2. DEPENDABILITY

Dependability is defined as the probability that an available system

will continue to operate throughout the mission either without a system-level

failure or if the system fails, with restoration to operation within some critical

time interval which, if exceeded, would result in mission failure. The various

kinds of dependability depend on the criteria for system failure, and each kind

requires a different model. The following examples of such criterir are given by

HanifanI:

o no failure allowable

o no system-level failures allowable, but certain element failures may

occur without repair

nu t.ystem-level failures allowable, but certain element failures may

occur with repair a given number of times

c syttem level failures allowable if downtime is less than a specified

0Of " riteria aJ.3o exist.

Dipendabiiity is a function of the reliability and maintainability charac-

teitt'- of a .yE,.em. The references describe many models which reflect

iiffer-tiv ý,ysreins, missions, and criteria for failure.

2.3 CAPABILITY

Capability is the probability that the system's designed performance will

meet mission demands successfully, assuming that the system is available and

dependable. This term takes into account the adequacy of the system elements to

carry out the mission when operating in accordance with the system design specifi-

cations as affected by the environment. Both machine and human modules of the

operable system are included.

The human capability term is the probability that the operator will respond

successfully to mission demands, assuming that he is dependable and that the hard-

ware is both dependable and capable. This term includes human error and reflects

the effects on operator performance of training, experience, change of performance

as a function of mission stress and duration, motivation forces, etc.

5
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Hardware capability is the probability that the hardware will successfully

meet mission demands, assuming it is available and dependable, and assuming the

operator is available, dependable, and capable. Overall system capability is

the product of human capability and hardware capability.

2.4 EFFECTIVENESS DISCIPLINES

Some of the factors discussed by Haitifan Iwhich affect systems effec-

tiveness are shown in Figure 1. Availability depends on both operator avail-

ability and hardware availability. Dependability and capability also have

operator and hardware components. Hardware availability and hardware dependa-

bility are generally affected by the same factors, the effectiveness disciplines,

some of which are discussed in the following paragriphs.

2.4.1 Reliability

Reliability is defined as the probability that an item will periorm

its intended function for a specified interval under stated conditions.

Reliability is a well-established effectiveness discipline, with program
activities structured to provide an item with failure characteristics

compatible with system availability and dependability requirements. The key

parameter from a reliability analysis is MTBF, which relates directly to

availability and dependability.

If predicted reliability is unsatisfactory, redundancy, parts selection

and screening, derating, cooling, and special designs are some of the cost-effec-

tive methods used to achieve the desired reliability characteristics. In

designing an item to maximize inherent reliability, particular attention is paid

to parts selections, control and screening, temperature and stress derating,

environmental control, redundancy, and design simplifications.

2.3.2 Maintainability

Maintainability is a characteristic of design and installation which

is expressed as the probability that an item will be retained in or restored

to a specified condition within a given period of time, when the maintenance

is performed in accordance with prescribed prc.edures and resources. Maintain-

ability is also a well established effectiveness discipline, with the key

parameter, MTTR, being directly relpted to availability and dependability.

6aFi
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Maintainability anallysis ensures that a system's maintainability

characteristics are consistent with systems effectiveness goal.i. Typical

tra-ýe-offs performed include repair vs. discard of failed modules, loca-

tion of module or equipment repair (shipboard, tender, depot, contractor,

etc.), test point location, type and location of failure detection devices

adtest equipment (manual vs. automatic, special vs. general, built-in

vs. portable), technician numbers and skill levels, special support equipment,

tools and jigs, location and types of maintenance data and instructions,

and level of modulization and degree of standardization.( In order to improve maintainability, particular attention is paid to

fault isolation times, skill requirements, speed of replacement, inter-

changeability, and repair quality.

2.4.3 Logistics Support

Shortages of spares and delays in obtaining spares, technicians, tools,

support equipment, data, and other supportinig elements are responsible for most

syseten downtime in many operational systems. Since mean downtime

(MDT) is a contributing term to operational availability and dependability, it

can be seen that logistics support is a major factor in systems effectiveness.

"The effectiveness of many systems is highly sensitive to the design of the

logistics support systems, as is the life cycle cost. For this reason the

Integrated Logistic Support (ILS) system is being used to provide effective

support throughout the life cycle of a system. The ILS function is supported

by the systems effectiveness analysis function, which provides the essential

analytic framework for making rational logistics support decisions within an

overall operational context. Some of the logistics support costs which are

examined are initial and pipeline spar(.,. cost, replacement spares cost,

on-equipment maintenance cost, iniventory entry and supply management cost,

support equipment cost, cost of personnael training and training equipment,

and cost of management and technical data.



SECTION 3
HALU)WARE CHARACTERISTICS APPROACH

3.1 BACKGROUND

The initial systems effectiveness project for wtich DTNSRDC was tasked

involved the prediction of systems effectiveness as a function of the equipment's

hardware characteristics. During the acquisition of ai weapons system, a continuous

requirement exists to evaluate trade-offs between cost and systems effectiveness

of many alternatives associated with design and logistics support. Costs can be

quantified, but systems effectiveness is obtainable only through subjective eval-

uation. Currently there is no consistent method for the evaluation of systems

effectiveness. Any evaluation that is accomplished is done subjectively with no

guarantee that all important factors of systems effectiveness are considered or

that the factors are given consistent weights. In the past, efforts at quantify-

ing systems effectiveness have ranged from intuitive thinking to extremely

sophisticated mathematical models requiring large amounts of time and information

for implementation. Most of these efforts lie at one end of this spectrum and

are difficult or impossible to accomplish because of the w"ork load generated.

For these reasons it was decided to attempt to develop a method to quantify

systems effectiveness on the basis of hardware characteristics.

3.2 METHODOLOGY

3.2.1 Objective

The objective was to determine the feasibility of quantifying systems

effectiveness and of performing trade-off analyses of logistics support alterna-

tives by identifying mission esset.tial hardware characteristics and by establish-

ing the prob;tbility that t'nese characteristics will. be operable in a combat

environment.

3.2.2. Approach

Perform the project as follows:

1. Conduct a literature search to acquire the necessary information on

systems effectiveness.

9



2. Identify mission essential hardware characterisites.

3. Determine a weighting factor for each mission essential hardware

characteristic.

4. Develop a method of calculating the probability that each mission

essential hardware characteristic will be operable in a combat environment.

5. Select representative equipment to demonstrate the method and to

perform trade-off analyses.

3.3 DISCUSSION

3.3.1 Literature Search

Literature searches were conducted of the data bases maintained by the

Defense Logistics Systems Information Exchange (DLSIE) and the Defense Technical

Information Center (DTTG). The following keywords were used to search the

data bases:

o Systems effectiveness

o cost effectiveness

o maintainability

o reliability prediction

o design factors

o system design parameters

o hardware .-haracteristics

The bibliographies 1.rovided by these two services contained many reports with

gunieral itiformation in the area of systems effectLiveness and many reports of very

detailed work in specific areas, but no reports on work similar to the present

task. Many reports were ordered, the most important being the ones used as

references for this report.

3.3.2 Hardware Characteristics

From the review of many reports it is possible to make some generalized

statements. First, equipment has physical characteristics, such as

o weight

o volume

o shape

10
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o energy levels

o mechanical and electrical packaging

o environmental -apabilities

Second, equipment has performance characteristics, 8

o accuracy

o speed

o range

o capacity

o power output

o discriminations
The following additional hardware characteristics were encountered ill various

o engineering design

o complexity

o standaLd/non-staadard parts

o modules

o matint2LI o',c, philohsophy

o number of components

o stress levels

o space/euviroument conditions

o redundancy

o failure rate

o repair time

Obviously, many different hardware characteristics can be uued to describe

Ua wcapoflH .ystems, some very general, some very spncific. Many apply to all
type.i of equipmICnL, but some apply only to certain types of equipment. The task

of compiling a l1st of all ho1r~ware characteristitct that apply to all systems is

formidable.

No attempt was made in this phase of the projec(t to determine which hard-

ware chara:teristica are essential to all missions. Analysis of data from many

types of systems would be required to make this determination.

it



3.3.3 Weighting Factirs

If hardware characteristics are selected which apply to all Navy equipment,

iLt is apparent that certain characteristics will be more important to some

equipment than to others. Therefore, weighting factors are needed to apply the

hardware characteristic in the proper degree to each type of equipment. The

scheme etivisioned is shown in Table i. The hardware characteristics are the same

fur all types of equipment and for this example are numbered 1 to n. Each type

of equipmenit (e.g., radio, radar, computer) will have a weighting factor associ-

ated with each chi,.ra,'teristic. The weighting factors will have the same value

within an equipment type, but the value of the weighting factor can vary among

types. Vur eUampl, the value of the weighting factor for characteristic 1 for

radios may be 10, buL for radars it may be 5. Characteristic 2 may be valued at

zeru for radios, but 20 for radars. In this way the values of the weighting

iiitotra for the characteristics may be tailored for each typo of equipment. The

weighting factors for each tvpe will sum to 100.

I this approach, all types of equipment will have the same hardware

characteristLcs, but the importance of the characteristics will vary with the

tyjer ol[ eqeuipmifL.

12
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TABLE 1 - SYSTEMS EFFECTIVENESS HARDWARE CHARACTERISTICS WEIGHTrING FACTORS

WEIGHTING FACTORS

ITYPE OF EQUIPIMENTI 1 I 2 1 3 o 0 I N I TOTAL

I Radio "A" AI FA 2  F I FAN 1 100

I Radio °B" ITB 1 I B2 FB3 IFIAN 1 00I..... L JI__ _ _ I
I Radar "CIO I

Radar "0" 1-I

Computer "E" [ I

SComputer "F" 1_1_I__
o II I I 1|

0 I I I I

3.3.4 Probabilities

Thu task of calculating the probability of each mission essential hardware

characteristic being operable under combat environment would best be done using

operational data for the equipment being analyzed. However, early in development

thoeu data are not available. Other sources of these data would be design data,

test data, operational data of similar cquipment, or expert opinion from

kuowledgable people.

3.3.5 Uumoustration

Once the essential hardware characteristics are identified and the weight-

Ing factors tand probabilities determined, representative uquipment should be

selected to demonstrate the method. Several alternatives should be developed

for the cliosen equipment, and the systems effectiveness calculated as shown in

Table 2. In this way the relative worth of each alternative can be examined.

13
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TABLE 2 - SYSTEMS EFFECTIVENESS HARDWARE CHARACTERISTICS QUANTIFICATION

HARDWARE CHARACTERISTICS
ALTERNATIVES i I TOTLI

A VAI VA2 VA3 VIAN IOU
B VB VB VB VB 100

C

o

I I _ _ _ I I

3.4. RESULTS

Examination of the literature provided the background information on systems

effectiveness and tuany of the hardware characceristics ;:hat should be considered.

The next steps involved determining the mission essential hardware characteristics

and the wei3hting factors for each. However, becritse of the clobe association

between reliability and systems effectiveness, it was decided to first investigate

the prediction of reliability characteristics and to determine whether the

chararacteristics used to predict reliability could also be used to predict

systems effoctiveness.

A report from the Army Material Command 3 describes reliability prediction I
techniques and compares the analyses performied by each method. A report published

by the Naval Air Development Center4 presents a method for predicting relia-

bility of non-avionics equipment using existing field data and a reliability

technology improvement factor. Most nan-avionics subsystems of the aircraft were

considered in this report. Of significance to the systems effectiveness analysis

was a list of aircraft characteristics (including engine) and operational charac-

teristics used in the formulation of the reliability prediction equations.

A report published by the Hughes Aircraft Company5 presented results

of a study to develop a reliability prediction technique to estimate system

complexity based on system performance data derived from design specifications,

detailed parts summaries, and detailed handbook predictions. Four major types of

equipment were considered: radars, computers, displays, and communications. The

design parameters used to predict reliability for each type of equipment are listed

in Table 3. The only characteristic which appears for every type of equipment is

14
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design year. All other characteristics are specifically related to the type of

equipment. Since reliability is closely associated with systems effectivenebs,

it is believed that the lack of correspondence in detailed hardware characteris-

tics found in reliability prediction will also be found in the prediction of

systems eftectiveness. Although it might be possible to determine hardware

characteristics which will enable systems effectiveness to be predicted for f
specifi( equipment, broad general hardware characteristics which could be used

V

to predict systems effectiveness for a wide range of equipments could not be

developed. Consultation with sponsors and supervisory personnel led to the

decision to abandon this approach to systems effectiveness analysis at least for

the present.

16
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SECTION 4
LOGISTICS FACTORS APPROACH

4.1 BACKGROUND

The next approach was to study the feasibility of quantifying the changes inI
systems effectiveness resulting from reallocation of logistics support resources.

The initial attempt to develop measures of effectiveness (MOE's) that reflect the

logistics aspects of systems effectiveness was refocused as the program progressed

on the logistics factors that influence systems effectiveness.

During the design and development of a weapons system many trade-offs are

made between the capabilities of a system, the logistics support requirements

of the system, and the cost of the system, both initial investment cost and

operating and support costs. The Integrated Logistic Support (ILS) and Life

Cycle Cost (711%C) concepts are used during the acquisition phase to provide the

systen with the most effective logistics support in the most cost effective

manner, consistent with mission objectives.

The effectiveness of a system can be measured by its availability, dependa-

bility, and capability. In many cases these functions become reliability,

maintainability, and performance characteristics. Until the deployment of

a weapons zystem, the logistics factors which influence these effectiveness

functions are often difficult to measure or predict accurately. Only when the

system is operational in its actual environment can the effect and cost of the

logistics factors be accurately measured.

However, in the operational phase budgetary considerations often make the

various logistics support requirements compete for available funds. Then it would

be useful to have a method to aid equipment managers in making funding decisions

that provide maximum effectiveness at minimum cost or at a fixed cost. This

program attempts to provide that capability.

The MTobjectiv was to develop a method to quantify techange in systems

effetiveessresulting from reallocation of logistics support resources.
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4.2.2 Approach

The project involved the following steps:

I. Identify logistics factors that contribute to systems effectiveness
L.
' 2. Determine how the logistics factors relate to the systems effective-

ness functions

3. Select representative system(s) for detailed analysis

4. Determine the sensitivity of systems effectiveness to the logistics

factors

5. Derive cost relationships between the logistics factors and systems

eeffectiveness

6. Perforta sensitivity studies on the cost of logistics factors and

systems effectiveness

7. Develop a method for reallocating resources

8. Apply results to an example of reallocation of logistics resources

4.3 DISCUSSION

4.3.1 Logistics Factors

The type of logistics factors that should be examined can initially

be selected from those considered in the ILS elements. The ILS elements and

representative logistics factors are as follows:

THE MAINTENANCE PLAN

o Maintenance concept

o Reliability and maintainability parameters and requirements

o Maintenance tasks (time and skill)

o Descriptions of maintenance organizations

o Broad support and test equipment requirements

o Maintenance standards

o Broad supply support requirements

o Facilities requirements

o Replace/repair/discard criteria

o Non-economic engineering evaluations

- item size

- safety requirements

18
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- technical feasibility of repair

- support and test equipment requirements

o Economic cost factors

- operations

- preventive maintenance

- repair

- inventories

- documentation

- disposal

o Scheduled maintenance concepts

o Significant items

o Remove/replace level

o False alarm rate

o Task time

o Fault isolation technology I
o Minimum maintenance requirements

o Condition monitoring
o Deferrable maintenance policy
o Software requirements

o Modularity

o Unscheduled maintenance

o Logistics delay time

MANPOWER AND PERSONNEL

o Personnel quantities needed

o Skill levels

o Skill specification

o Manhours authorized

o Manhours available

o Percent utilization/productivity

o Manhours per flight hour

o Cross-training

o Navy Enlisted Clsassifications (NEC)/MOS

o Accession/attrition rates

o Civilian skills
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SUPPLY SUPPORT (including initial provisioninR)

o Spare and repair parts provisioning

o Consumption and usage rates

o Recommended allowances

o Supply storage requirements

o Operations consumable supply requirements

- fuel

- lubricants

- oxygen

o Requirements for each system for

- storage space

- supply facilities

I• - equipment

Qua- personnel

o ub

- procedures

o Rotable pool factor

o IMA eurnaround

o Resupply time

o Number of items required

o Quantity per use

So Mission essentiality code

a Weight

o Cube

o IMA/depot pipeline quantities

o Number of end items supported
o Initial stockage quantity

c Stock levels

o Number of demands
o Number of itemas repaired IMA

oNumber of items repaired depot

o Average/maximum IMA repair times

o Number of backorder days

o Number of units demanded

o Percent off-the-shelf

o Percent demands not satisfied
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o Number of cannibalizatiouis

o Long lead-time items

o Retrograde factor

SUPPORT AND TEST EQUIPMENT

o Equipment identificatioa

o Mainte nce level

o Quantity required per organization per location

o Equipment function And capability

o Calibration requirements

o Spares and repair parts listed

o Skill levels to operate and maintain equipment

o Average utilization (%)

o Average length of time used (hours)

o Cost per unit

o Hours authorized

o Hours available

o % used - scheduled maintenance

o % used - unscheduled maintenance

o % unused

o Number of units demanded

o % on hand

o % d2mands not satisfied

o Hours backlog

o Length, width, height, and weight of unit

TRAINING AND TRAINING DEVICES

o Training requirements

o Training facilities

o Training materials

o Types of cours

o Number of cour.;es

o Duration of courses

o Number/skill level of students

o Training equipment required
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"o Training concept

"o Training aids

"o Training cycle

"o Depot training factors

"o Factory traiaing

TECHNICAL DATA
oSystem/equipment design

So Operations

o Maintenance

o Supply support

o Types of manuals/data

L o Contents of manuals/data

r o Publication concepts

o Procedures

o Philosophy

o Scheduling

o Implementation

o Number of manuals

o Standardization

o Types of media

o Update/revision methodology

COM1UTER RESOURCES SUPPORT

o Computer resources support reqireirents

o Computer resources support facilities

o Computer resources support materials

o Computer resources support manpower

Packaging, Handling, Storage, and Transportation

o Equipment physical dimensions

o Container requirements and codes

o Storage and storage space

o Preservation and packaging requirements

o Handling constraints
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o Time

F o Distance

o Mode

o Speed

o Environment

o Frequency

o Protection

o Storage area

1 FACILITIES

o Facilities required for system testing, training, operation, and

maintenance

F o Requirements for

- mobile, portable, and air transportable vans

mobile maintenance facilities

- shops

- training facilities

-supply storage

- bulk storge containers

o Facilities identification and description

o F~cility design criteria

o Facility costs

o Lea6 tirr,-s

o Facility utilization (%)

o Average numbe of personnel using the facility

o Maximum number of personnel using the facility

o Facility space dimensions

o Power requirements (electrical, air, hydraulic, and vacuum)

c Safety requirements

o Storage space

o Maintenance comwunications

o Work environment

o Servicing - Location/Quantity

o Composite repair facility requirements

o Utilities required
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4.3.2 Systems Effectiveness Analysis

Performing a systems effectiveness analysis requires an analytical tool

with which to perform the analysis, usually a computer program which models the

systems effectiveness characteristics of the equipment under investigation. The

Handbook of Systems Effectiveness Models lists many models which are used in

systems effectIveness analysis. The types of models include cost, ILS, effective-

ness, availability, reliability, maintainability, and others. Many of these

models were developed by government agencies and would probably be available for

use by other government agencies. Also, since this handbook was compiled in 1972,

many models have probably been 'iritten since the handbook was published. However,

this handbook is still a useLr. starting point in the search for systems effec-

tiveness models. other sources of systems effectiveness models would probably be

the SYSCOMS, equipment oriented organizations, and contractors.

Once the models are available and operational, cquipmment to be analyzed

must be selected. This is best done in consultation with project sponsors,

SYSCOM managers, and operational organizations. The data required for a systems

effect iven ess analysis are developed throughout the life-cy:2le of a weapons

system. Early approximatlonn of the data are used in the concept formulation

phs:ie and are refined and improved as th', system undergoes further development.

In the operational pha.se actual usage dot. t are gathered for specific organiza-

t ions (e.g., 3M, VAMOSC) by usinjg units. Most of these data are reliability,

matntaitiabittiy, avallabilii.y, and cost data.

Data are also reqIiired oin the( developmenit of the systems effectiveness

IotNion 101,1. lFor opcrot-olaai equlipmenlt these data are probably in the custody of

1t1 he linl piiient ia'11iagtr . Types il1 data needed are the figure of merit definitions

and Llih. viI h bles a.nd equatioa10 used in the avnilability, dependability, and

capab ility compliui litofo . Since theOw se•st ivity of systems effectiveness to

changes in Iiogistii s hictors is to be examined, It would be useful to select

eC(liiliient.ts whi clh are tilled on several types of aircraft to determine the effect of

aircraft type on thO analyses.

With the model i, equipment, and data available, the systems effectiveness

can be computetd. AfLter the results are validated, the sensitivity of systems

effecli.veniess to the logistic factors can be determined for the particular

equl pment. e(;neralIzatlori of results to other equipment and other aircraft can

be done only after many systems have been analyzed. Once the sensitivities are
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known, resources can be reallocated to dc.termine whether systems eLfectiveness

can be improved. For instance, some of the major causes of systems downtime are

shortages of and delays in obtaining spares, technicians, technical data, tools

and test equipment, and training. Alternatives can be developed, as shown in

Figure 2, changing the resources allocated to each of these factors to determine

whether systems effectiveness can be improved. In this way decisions can be made

which can optimize the systems effectiveness at a specified resource level.

4.4 RECOMMENDATIONS

When the project had passed the logistic factors identification stage, and

the identification and search for systems effectiveness models and data was begun,

it quickly became evident that the level of effort dedicated to this project was

not sufficiert to accomplish the objective and increased manpower and funding

were requested. However, the project sponsor, considering this to be a high risk

area, did not feel that the potential payback warranted committing addit:ional

resources to the project, and the project was terminated.
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UTNSRDC ISSUES THREE TYPES OF REPORTS

1, DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH.
NICAL VALUE, THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
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2. DEPARTMENTAL REPORTS, A SEMIFORMAL SE.IES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE,
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3, TECHNILAL MLMURANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
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NUMERICAL CODE OF THE ORIGINATING DEPARTMENT, ANY DISTRIBUTION OUTSIDE DTNSRUC
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